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Abstract 
The flows behind the base of a generic rocket, at both hypersonic and subsonic flow conditions, are numerically studied. The 
main concerns are addressed to the evaluation of turbulence models and the using of grid adaptation techniques. The investiga-
tion focuses on two configurations, related to hypersonic and subsonic experiments. The applicability tests of different turbu-
lence models are conducted on the level of two-equation models calculating the steady state solution of the Reynolds-averaged 
Navier-Stokes(RANS) equations. All used models, the original Wilcox k-, the Menter shear-stress transport (SST) and the ex-
plicit algebraic Reynolds stress model(EARSM) formulation, predict an asymmetric base flow in both cases caused by the sup-
port of the models. A comparison with preliminary experimental results indicates a preference for the SST and EARSM results 
over the results from the older k- model. Sensitivity studies show no significant influence of the grid topology or the location of 
the laminar to turbulent transition on the base flow field, but a strong influence of even small angles of attack is reported from 
the related experiments. 
Keywords: base flows; turbulence models; steady calculation; grid adaptation; numerical simulation 
1. Introduction1 
One of the challenges of future rocket-like launch 
system is the requirement for a deeper insight into the 
physics of base flows. It has been reported that highly 
unstable separation occurs in the base flow of a launch 
vehicle [1]. It can result in dynamic loads which disturb 
the stability of the flight. This so called buffeting cou-
pling mainly occurs during the ascending phase when 
the flow speed is subsonic or transonic. On the other 
hand, during the supersonic or hypersonic flight, the 
base flow also influences the aerodynamic performance 
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of a launcher, in which the base drag caused by the 
separation can be up to 35 of the overall drag [2]. 
Therefore, it is of interest to investigate the flows be-
hind the base of a generic rocket at both hypersonic 
and subsonic flow conditions.  
Numerical simulation is an effective way to advance 
the scientific understanding of complex flows, in 
which experimental tests can depict very few detailed 
flow features. In modern computational fluid dynamics 
(CFD), the turbulence modeling ranges from different 
Reynolds-averaged Navier-Stokes (RANS) models via 
detached-eddy simulation (DES) and large eddy simu-
lation (LES) to direct numerical simulations (DNS). 
Although DES, LES and DNS are evidently superior 
over the RANS approach in predicting the unsteady 
flow behavior [3-4], their computational cost is still pro-
hibitively expensive for most engineering cases. In 
contrast, due to its high efficiency and acceptable fidel-
ity, RANS simulations using various turbulence models 
Open access under CC BY-NC-ND license.
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play an important role in current numerical investiga-
tions. The RANS turbulence modeling is extensively 
used to predict the main features for various flows, 
which provides in advance an overview of the flow 
topology to guide the experimental work. 
However, simulating massive flow separations is a 
challenging task for RANS methods [5]. Two major 
influences are expected to characterize the separated 
flow fields of interest. The first one is the choice of the 
turbulence model. Mostly, the complexity of separated 
flows makes it necessary to evaluate turbulence models 
for every specific case, even though the previous ex-
perience by many authors have confirmed that two- 
equation turbulence models and Reynolds stress mod-
els (RSM) are preferable choices for such flows. The 
other factor is the generation of the computational grid. 
For real engineering configurations, the generation of 
grid is quite time-consuming. The grid sometimes af-
fects the solution, for which reason a routine grid-de-
pendency check is requested for accurate simulations. 
The current numerical investigation is the starting 
point of a long term project which is aimed at the 
evaluation of different turbulence modeling with re-
spect to the resolution of the base flow features. A gra-
dient-based grid adaptation technique is adopted to 
speed up the grid generation process and to make sure 
that the flow solution becomes independent of the grid 
density. The generic rocket model is simplified as a 
blunted cone-cylinder model with a side support. It 
results in two configurations investigated experimen-
tally in a hypersonic environment at the German Aero-
space Center (DLR) in Cologne, and in a subsonic en-
vironment at the University of Aachen. In hypersonic 
and subsonic conditions, a side support will definitely 
influence the base flow in different manners. In the 
hypersonic flow, additional shock waves are induced 
by the leading edge of the support, which consequently 
shift the base flow pattern [6]. In the subsonic flow, the 
axisymmetry near the base is broken due to the block-
ing effect of the one-side support. However, both dis-
turbances are expected and accepted in the current in-
vestigation since the long term goal of the project is to 
study practical base flows including a propulsion jet 
rather than pure axisymmetric base flows as in Ref. [7]. 
The present paper has the following structure. Sec-
tion 2 introduces the geometry and the flow conditions 
of the two test cases studied. Section 3 describes the 
applied numerical method and grid adaptation tech-
niques. In Section 4, the numerical investigations using 
the Wilcox k- model [8], the Menter shear-stress trans-
port (SST) model [9] and the explicit algebraic Rey-
nolds stress model (EARSM) [10] are described and dis-
cussed. The emphasis is on using validated RANS tur-
bulence models to reach a rapid basic insight of the 
flow patterns at the base of a blunt body, in both hy-
personic and subsonic freestream conditions. 
2. Test Configurations and Flow Conditions 
Two basic rocket models corresponding to the hy-
personic and subsonic conditions are investigated. The 
hypersonic configuration consists of a blunted cone 
with a cone angle of 36  and a cylindrical main body 
with diameter D=108 mm. Since a support sting is 
required to keep the model in a fixed position inside 
the test chamber, the geometry shown in Fig. 1 is de-
termined to be the final tested model in the hypersonic 
wind tunnel, in which a diamond-shaped sting is at-
tached orthogonally to the main body. 
 
Fig. 1  Geometry of hypersonic test configuration. 
Figure 2 shows the geometry of the model tested in 
the subsonic case. The basic rocket model also consists 
of a blunted cone with a cone angle of 36  and a cy-
lindrical main body with diameter D=108 mm. The 
model support is mounted 460 mm, approximately 4D 
upstream of the base plane. Particular attentions have 
been paid to some other design aspects including a 
realistic length-to-diameter ratio of L/D=10, as well as 
a sting support shaped by an unswept NACA0015 se-
ries profile. In both cases, the locations and sizes of the 
supports are designed mainly due to the structural 
concern to avoid oscillations of the model. In future 
studies the bases of the models will be equipped with 
nozzles to investigate the interaction of an exhaust 
flow with the base flow. Therefore the model support 
has to be spacious enough to integrate the gas supply 
for the nozzle flow.  
 
Fig. 2  Geometry of subsonic test configuration. 
The experimental flow parameters including the 
pressure, velocity and turbulence intensity are assigned 
at the used far field boundaries. The test gas is modeled 
as a perfect gas. Table 1 provides the freestream flow 
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conditions for both cases. In Table 1, Ma  denotes 
the freestream Mach number, wT  the wall tempera-
ture, Re the Reynolds number, and T  the  
freestream temperature. 
Table 1  Freestream flow conditions 
Condition Ma Re/106 T/K Tw/K 
Hypersonic 6.0 9.7 46.0 293 
Subsonic 0.2 4.0 315.6 Adiabatic 
3. Numerical Method 
The DLR TAU code [11] is used to compute the flow 
fields by solving the RANS for compressible     
flow [12-13]. The equations are discretized by a sec-
ond-order finite volume approach on unstructured grids. 
A three-stage Runge-Kutta scheme is used within a 
multigrid algorithm to achieve steady state solutions. 
The spatial discretization is based on upwind schemes 
for hypersonic and preconditioned central schemes for 
subsonic conditions. 
3.1. RANS turbulence models 
Three turbulence models, the original Wilcox k- 
model [8], the Menter SST model [9] and the Hellsten 
EARSM model [14] are applied to this research to make 
an assessment of their ability in simulating hypersonic 
and subsonic base flows. Depending on the turbulence 
models used, the mean flow equations are augmented 
by additional equations. The models are briefly intro-
duced in this section, and for more details please refer 
to Ref. [8].  
1) Wilcox k- model  
The Wilcox k- model is one of the most widely 
used two-equations models known for its accuracy in 
the near-wall region. The model computes the eddy 
viscosity t  from the formula, 
 t
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where  denotes the density, k  the turbulent kinetic 
energy and   the specific dissipation rate, which are 
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where u is the velocity vector;  is the viscosity; 	k,	 , 

k,  and 
 are the model constants, 	k = 0.5, 	 = 0.5, 
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log-layer relation, 
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, ij is shear stress, ui is 
the velocity component, and lim kPC  is a user-chosen 
constant with a default value of 1 000. 
2) Menter SST model  
Menter firstly derived a two-equation turbulence 
model called Menter baseline (BSL) model [15]. The 
idea of the Menter BSL model is a blending of the 
Wilcox k- model in the inner part of the boundary 
layer and the k- model in the outer part of the bound-
ary layer. The aim is to obtain both the accuracy in the 
near-wall region of the Wilcox k- model and the 
freestream independence in the outer part of the 
boundary layer of the k- model. 
In the Menter BSL model, the k-equation is exactly 
the same as Eq. (2), while  is the solution of  
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where CD is the drag coefficient. 
Compared with Eq. (3), an additional cross diffusion 
term appears in the -equation, where 
 2 1
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(5) 
where 	2 is the model constant. The function 1F  
controls the blending of the model coefficients and the 
cross diffusion term. Therefore 1F  has to be one in 
the near-wall region and the logarithmic layer and has 
to taper off to zero well within the wake region of the 
boundary layer in order to prevent the freestream de-
pendence of the Wilcox k- model. The blending func-
tion 1F  is given by 
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where d is the distance normal to the wall. Beyond this, 
the coefficients { , , , }k  ' 	 	  
(  of the model are 
also interpolated using the blending formula  
 1 1 1 2
(1 )F F' ' '  
 
(8) 
between those parameters of the k- model, 1'  (inner 
layer), and those parameters of the k- model, 2'  
(outer layer). 
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The Menter SST model is a further advance of the 
Menter BSL model to improve the model’s ability in 
simulating separated flows. Between the two models, 
there are the following two differences. First, the 
so-called shear-stress correction is introduced. 
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where 1 0.31a   is the Bradshaw constant and  the 
vorticity. The underlying idea is to remedy the ten-
dency of two-equation models to overestimate the 
shear stress, in particular for flows with adverse pres-
sure gradients. For this purpose, a bound on the stress 
intensity ratio  /i ju u k  is imposed. The limitation of 
t  ensures that 1 /i ju u k a . Second, the coefficients 
of the Menter SST model are slightly different from 
those of the Menter BSL model in the inner layer.  
3) Hellsten EARSM model  
In this type of turbulence models, the linear Boussi-
nesq eddy viscosity approximation is abandoned and 
the Reynolds stress tensor is determined from a more 
general constitutive relation for the Reynolds stress 
anisotropy in terms of the strain-rate and rotation-rate 
tensors. The model is formulated based on a normal-
ized mean strain tensor ˆijS  and an extra anisotropy 
ex
ija , given by 
 
eff ex2ˆ  2 
3i j ij ij ij
u u C k S k ka       (11) 
Detailed formulas for effC , ˆijS  and 
ex
ija  can be 
found in Ref. [10]. 
The remaining unknown terms are solutions of a 
two-equation background model. Hellsten uses the 
Menter BSL model as the background model and  
proposes some modifications. When keeping the k- 
equation unchanged, Hellsten suggests to change the 
cross diffusion term in Eq. (5) into  
 d
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The coefficients d{ , , , , , }k  ' 	 	  
 	 (  of the 
model are interpolated using the blending formula 
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(13) 
where fmix is the mixing function. The corresponding 
sets of inner and outer layer coefficients are also shown 
in Table 2. The coefficients of the Menter BSL and 
SST models are also listed in Table 2. 
The mixing function mixf  is based on the idea of 
the Menter BSL model. It returns a value equal to one  
Table 2  Coefficients of turbulence models 
Coefficient 	k 	  	d   
Menter BSL model 
(inner layer) 0.5 0.5 5/9  0.41 
Menter SST model 
(inner layer) 0.85 0.5 5/9  0.41 
Menter BSL/SST  
model (outer layer) 1.0 0.857 0.44  0.41 
Hellsten EARSM  
model (inner layer) 1.1 0.53 0.518 1.0 0.42 
Hellsten EARSM  
model (outer layer) 1.1 1.0 0.44 0.4 0.379 5
 
almost up to the edge of the boundary layer and tappers 
off quickly at the outer edge. In the freestream and 
laminar regions, its value is also set to zero. Hellsten 
proposes to set 
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where k denotes the user-specified freestream value of 
k, 
 * the model constant. 
As EARSM-class models can therefore be consid-
ered as nonlinear two-equation models, they are be-
lieved to offer the same advantages as the standard k- 
models in terms of numerical stability and computa-
tional cost. Furthermore, by their construction, the 
EARSMs better reproduce the complex flow phenom-
ena, such as streamline curvature, rotation or swirl and 
are therefore believed to have a wider range of appli-
cability than the standard eddy viscosity models. 
3.2 Grid generation and adaptation 
Automatic grid adaptation is an essential task for a 
fully automatic CFD system. It is composed of two 
parts: a strategy how to refine the given grid and the 
detection of the locations of the refinement. In TAU 
new points are inserted on the existing edges via sub-
division of the volumes without hanging nodes. A clas-
sical approach for the adaptation indicator is the use of 
gradients or undivided differences of any suitable flow 
variable. The approach can detect flow phenomena, 
when taking for instance the primitive variables into 
account (e.g. shocks are detected due to large gradi-
ents).  
The approximated gradient ( )VG  of a variable V 
along an edge in discrete form is /V h+ , with 
No.3 YOU Yancheng et al. / Chinese Journal of Aeronautics 25(2012) 325-334 · 329 · 
 
1 2p p
V V V+   . The two points p1 and p2 are connected 
by the edge and h is the length of the edge. The used 
indicator is written as 
 
I Vh, +
 
(15) 
The advantage of scaling the indicator with a posi-
tive value of ,  is that the adaptation stops automati-
cally in the corresponding area after several cycles. On 
the other hand, our three-dimensional numerical tests 
have shown that values of 1, -  may be of advantage 
in order to strengthen the grid refinement near surfaces 
where the cell sizes are typically some orders less than 
in the far field region. Therefore, 0.5,   is finally 
applied.  
The hypersonic case is taken to illustrate the appli-
cation of the grid adaptation technique in the current 
study. Our choice of variable V is a weighted combina-
tion of pressure, Mach number and density. As shown 
in Fig. 3, the grids are repeatedly adapted to increase 
the resolution of the investigated flow features. After 
the first adaptation (see Fig. 3(a)), it is visible that the 
grid is refined closely to the position of the shocks and 
in the flow region around the base. After the fifth ad-
aptation (see Fig. 3(b)), the grid near the above-men-
tioned regions is even finer. The shock induced by the 
cone and the shear layers behind the base plane have 
the possibility of getting the best local resolution. Fig-
ure 3(c) indicates that even more adaptations have little 
chance to further refine the grid, where only slight grid 
improvement in the wake region can be identified. This 
is due to the fact that the adaptation stops automatically 
in the corresponding area after several cycles, when a 
positive value of , is used in Eq. (15). 
Another aspect regarding the grid should also be 
mentioned. Although the local grid adaptation is a use-
ful technique in automatic grid refinement for almost 
isotropic regions, the high Reynolds number boundary 
layers need a highly stretched grid at the walls. For this 
reason, prismatic layers are used to resolve the bound-
ary layer near the wall. These layers are redistributed 
depending on the local flow field in order to calculate 
accurate gradients on a smooth distribution normal to 
the wall. The first layer of points in the current study is 
assigned to values of non-dimensional wall normal 
  
 
Fig. 3  Successive adaptation in the case of the hypersonic 
configuration. 
distance 1y .  and the other boundary layer points 
are stretched away from the wall, with a geometrical 
ratio of 1.1. This is the reason for the high grid density 
near the wall in Fig. 3(a). 
After nine times of adaptation, the total number of 
grid cells is about 5 million. For the subsonic case, the 
same grid generation process is adopted. 
4. Results and Discussion 
4.1. Hypersonic base flow 
The calculated results in the symmetry plane of the 
hypersonic configuration are depicted in Fig. 4. 
Streamlines are shown together with Mach number Ma 
contours. The turbulent boundary layer developing 
along the surface of the body separates at the base edge 
and a free shear layer appears. As shown in Fig. 4, the 
main flow features are an expansion fan originating at 
the base edge and a recompression shock generates 
where the converging shear layer ends and parallel 
flow continues. The shear layer encloses a subsonic 
zone behind the base, which is filled with air slowed 
down in the boundary layer near the surface. This sub-
sonic flow is able to endure higher turning angles than 
the outer supersonic flow. It forms the core between 
the parallel outer flow and is accelerated to supersonic 
speed via the mainly turbulent shear stress. Due to the 
influence of the support, the flow structure is asym-
metric. The expansion is smaller in the wake of the 
support and consequently the recompression shock 
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weaker. The base drag prediction critically depends on 
the accurate calculation of the flow field in the sub-
sonic zone. 
 
Fig. 4  k- results of hypersonic configuration in symmetry 
plane. 
Figure 5 shows the Mach number and streamlines in 
hypersonic base flow, computed by the Wilcox k- 
model (see Fig. 5(a)), the Menter-SST model (see Fig. 
5(b)) and the Hellsten EARSM model (see Fig. 5(c)). 
The Mach number contours and streamlines allow an 
easy identification of the shear layer. A thick red line is 
used to separate the subsonic and supersonic flow re-
gions. The general flow patterns of the three figures are 
almost the same. The source-like points stay always in 
the lower left corner of the symmetry plane. These 
points are interpreted as centers of recirculation zones, 
taking into account the difficulties to integrate stream-
lines on an unstructured grid with strong gradients in 
the flow solution as well as in the grid spacing. The 
angle between a horizontal line and the shear layer 
separating from the lower edge of the base increases 
slightly from the Wilcox k- result (.26) over the 
Hellsten EARSM result (.28) to the Menter SST re-
sult (.31). The length of the recirculation region 
shortens with an increasing shear layer angle. 
The base pressure distributions of the three models 
are compared in Fig. 6, which displays the pressure 
coefficient, the normalized difference of the base pres-
sure and the uniform freestream pressure. A higher 
pressure region is observed in the part of the base 
where the wake of the support influences the free shear  
 
 
Fig. 5  Mach number contours and streamlines in hyper-
sonic base flow.  
layer. Although the shapes of all three pressure distri-
butions are quite similar, the pressure level of the 
Menter SST result is different. The pressure from the 
Wilcox k- result (see Fig. 6(a)) reaches the highest 
values in the whole plane while the result of the 
Menter SST model (see Fig. 6(b)) shows the lowest 
values. The result of the Hellsten EARSM model (see 
Fig. 6(c)) agrees well with the Wilocx k- model in 
most parts of the base plane, except the peak region,  
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Fig. 6  Distributions of pressure coefficient on the base of 
hypersonic configuration. 
where the pressure coefficient stays about 5 smaller. 
4.2. Subsonic base flow 
The flow field around the subsonic configuration is 
shown in Fig. 7. A ring vortex exists in the recircula-
tion zone encapsulated behind the base by the free 
shear layer separating from the edge of the base. The 
wake of the support disturbs the symmetry of the re-
circulation, as can be seen in the shift of the vortex 
centers, in the inclination of a straight line connecting 
the two stagnation points as well as in the direction of 
the streamlines downstream of the recirculation zone. 
In addition, three transition lines are marked on the 
surface of the cylinder. Unless specified differently all 
solutions shown here are based on a laminar to turbu-
lent transition line at TR1 shown in Fig. 7, which is 
supposed to be the natural transition location according 
to experimental observations. The coordinate system is 
kept similar to the hypersonic case with the support at 
positive z values. Figure 7 is oriented like the hyper-
sonic case to enable an easy overview comparison. In 
all the following figures the z-axis points down due to 
the different mounting of the model in the subsonic 
wind tunnel. 
 
Fig. 7  k- results of subsonic configuration in symmetry 
plane. 
Figure 8 exhibits the detailed structure of the recir-
culation region under subsonic conditions, showing 
Mach number contours and streamlines in the symme-
try plane. Figure 8(d) is the time-averaged experimen-
tal PIV(Particle Image Velocimetry) picture, in which 
the vortex centers and stagnation points are depicted as 
well. The main flow characteristics are reproduced by 
the numerical results. Two recirculation zones are cap-
tured by all three turbulence models and the calculated 
shapes of the shear layers agree well with the experi-
mental results. The longest recirculation zone is pre-
dicted by the Wilcox k- model while the Menter SST 
model provides a slightly shorter recirculation length 
than the Hellsten EARSM model. The prediction of the 
Wilcox k- model seems to be too large compared with 
the experimental result, while the other two solutions 
are in the range of the experiment. The two vortex 
centers of the Wilcox k- result are located down-
stream of the respective points of the other solutions. 
The asymmetry of the Wilcox k- result is stronger and 
in the opposite direction compared to the other solu-
tions as can be seen in the angle of the vortex dividing 
line. 
The quality of the different tested RANS models can 
be preliminary evaluated by a comparison between the 
numerical solutions and the first available experimental 
PIV data, as shown in Figs. 8-9. Figure 9 displays the 
contours of x-velocity component in the symmetry 
plane. It is evident that the Wilcox k- model overpre-
dicts the size of the recirculation zone. The down-
stream stagnation point is located at position x/D . 1.5 
in Fig. 8(a), but it is at x/D . 1.3 in the experimental 
result. Besides, the widths of the wakes are also dif-
ferent at the exit planes of Fig. 9. The wake given by 
the Wilcox k- model is larger, while the widths of the 
other results seem equivalent.  
Although the sizes of the predicted recirculation 
zones are similar to the experimental result, the 
Hellsten EARSM result provides a slightly better solu-
tion than the Menter SST model in terms of three as-
pects. First, the two vortex centers predicted by the 
Menter SST model are located too closely to the base 
plane (x/D < 0.5). In the EARSM case, they stay in 
downstream (x/D > 0.5) and are therefore closer to the 
experimental result. Second, in the EARSM case, the 
wake behind the recirculation zones (x/D > 1.3) turns 
to the upper side away from the side of the support. 
The wakes turn to the opposite direction in the Wilcox 
k- and Menter SST results. Though there is no PIV 
data downstream of x/D > 1.6, it is still noticeable that 
the wake has the tendency to move towards the upper 
side in Fig. 8(d). Third, when considering the 
x-velocity shown in Fig. 9, the Hellsten EARSM model 
(see Fig. 9(c)) predicts the smallest dark-blue backflow 
region, which fits better to the experimental result (see 
Fig. 9(d)) than the Wilcox k- or the Menter SST pre-
dictions. 
Nevertheless, some disagreements between the 
EARSM results and the PIV data can be observed in 
Fig. 8 and Fig. 9 as well. The relative position of the 
two vortex centers deviates from the experimental re-
sult. In the EARSM results, the lower center stays  
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Fig. 8  Details of subsonic base flow: Mach number con-
tours, streamlines, marked vortex centers and con-
nected stagnation points. 
slightly upstream of the upper one, but Fig. 8(d) shows 
that the lower center in the experiments is located 
downstream of the upper one. Furthermore, both stag-
nation points in the experiment stay away from a sym-
metric position. Especially the stagnation point on the  
 
Fig. 9  x-velocity distribution on symmetry plane of sub-
sonic base flow. 
base plane, which has a z/D.0.12, makes the upper 
vortex larger than the lower one. All three RANS mod-
els fail to predict this phenomenon. In Fig. 9, the ex-
perimental result depicts a region of nearly zero 
x-velocity (large white zone in Fig. 9 (d)) near the up-
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per trailing edge of the base, but none of the RANS 
models shows a similar solution. Therefore, further 
discussion and analysis of the discrepancy between the 
numerical and the experimental results are necessary. 
4.3. Discussion about the discrepancy 
Differences between numerical and experimental 
results are believed to originate from both the numeri-
cal as well as the experimental side. From the numeri-
cal side, the grid resolution and the capturing of the 
interaction between the support and the cylinder wake 
are under suspicion. Both are investigated in the fol-
lowing text to increase the fidelity of the RANS simu-
lations. On the experimental side, two possible reasons, 
the location of laminar to turbulent transition and a 
small angle of attack, are also numerically studied or 
discussed. The following simulations are conducted 
applying the Hellsten EARSM model, because it has 
provided the best fit to the experiments in the previous 
investigation.  
1) Grid resolution 
The grid is one of the important factors that might 
completely change the solution of a sensitive flow. A 
crosscheck is performed on a structured grid with 9 
million points in order to investigate the influence of 
the grid density and topology, because all other results 
are achieved on adapted unstructured grids. Figure 10 
is the same style presentation as Fig. 8(c). The basic 
flow patterns of Fig. 10 and Fig. 8(c) are similar and 
no significant change of the flow topology can be ob-
served towards experimental result shown in Fig. 8(d). 
This confirms the RANS results shown in Section 4.2 
as well as the validity of applied grid adaptation tech-
nique. 
 
Fig. 10  Structured grid of Hellsten EARSM model (9 mil-
lion). 
2) Interaction of support and cylinder wake 
Figure 11 displays a comparison between the nu-
merical and experimental velocity distributions at 
x=0.5D plane (0.5D downstream of the base plane). 
The focus is on the velocity regime of the support 
wake to highlight the interaction of the wakes. There-
fore, no details are visible of the recirculation zone 
behind the base. The calculated velocity contours agree 
well with the experimental data regarding the thickness 
of the shear layer and the vortex at the bottom side. 
The comparison indicates that a properly applied 
RANS simulation can capture the main time-averaged 
flow features of the interaction between the support 
and the cylinder wake.  
 
Fig. 11  Comparison between numerical and experimental 
velocity distributions. 
3) Laminar to turbulent transition 
One critical factor influencing the base flow is the 
state of the boundary layer when separating at the edge 
of the base. The velocity profile and turbulent energy 
distribution are dependent on the history of the flow, 
especially the position of the laminar to turbulent tran-
sition. The exact position of the transition in the con-
ducted experiments and its effect on the base flow are 
unknown. Therefore, a numerical sensitivity study is 
performed via two additional computations using 
pre-defined transition lines TR2 and TR3, as depicted in 
Fig. 7. The base flows are shown in Fig. 12. A slight 
increase in the size of the recirculation zones can be 
identified in Fig. 12 compared to Fig. 8(c). A later 
transition pushes both vortices centers downstream. 
The lower vortex center travels even further than the 
upper one. Compared to the results with the transition 
at TR1 (see Fig. 8(c)), the upper vortex center moves 
about 8 (+x/D) downstream and the lower vortex 
moves about 9, if the transition happens near the end 
of the cylinder (TR3). However, these are only minor 
differences compared with the experimental flow pat-
tern, shown in Fig. 8(d). Especially the asymmetry of 
the experimental flow field indicated for example by 
the stagnation point located on the base plane is not 
captured. From this point of view, the base flow is 
hardly influenced no matter where the transition hap-
pens. 
4) Experimental uncertainties 
One of the main uncertainties in the wind tunnel 
tests is the exact angle of attack /. Even if the model is 
perfectly aligned with the flow present without a model, 
the asymmetry of the model due to the support can 
have an influence on the subsonic freestream, which is 
similar to a small angle of attack. Therefore, it is hardly 
possible to adjust an exact tiny angle of attack (/ . 
0.1) when the model is assembled in the wind tunnel. 
In contrast the yaw angle can be easily adjusted due to 
the fully symmetry of the model in that plane. To 
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Fig. 12  Hellsten EARSM results: Mach number contours, 
streamlines, marked vortex centers and connected 
stagnation points. 
evaluate the influence of tiny angles of attack an ex-
perimental sensitivity study was conducted revealing a 
strong impact of tiny angles of attack on the base flow 
topology. It is too early to draw the conclusion from 
preliminary tests that an angle of attack correction will 
solve all discrepancies between the numerical and ex-
perimental results. But it is sure that the subsonic base 
flow is very sensitive to the angle of attack.  
5. Conclusions 
In the present study the base flow of a generic blunt 
rocket configuration is investigated for two generic 
model configurations in hypersonic and subsonic flow 
conditions. In both cases the support causes an asym-
metry in the base flow. Restricted to RANS solutions 
the investigated turbulence models reveal the following 
tendencies: The original Wilcox k- model predicts the 
largest recirculation zones behind the base and the 
Menter SST model the smallest. The EARSM model 
shows a better ability, closer to the Wilcox k-0 results 
in the hypersonic case and to the Menter SST results in 
the subsonic case. The preliminary experimental results 
for the subsonic configuration agree best with the 
EARSM results, though some discrepancies are still 
visible. Further discussion proposes that the current 
solution is independent of the grid and the flow pattern 
is hardly sensitive to the transition location. An ex-
perimental study of the influence of small angles of 
attack indicates a high sensitivity of the subsonic base 
flow.  
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